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Acre-foot: Enough water to cover an acre of land to a depth of one foot, or 325,851     

gallons. 

AF:  Acre-foot 

AFY: Acre-feet per year of water use 

AMI: Advanced Metering Infrastructure, a rapid evolving technology that provides the 

potential for near real time access to water automatic meter reading data for water utilities 

and their customers 

CII:  Commercial, institutional, and industrial water accounts 

CCF: One hundred cubic feet of water, or 748 gallon and a commonly used unit for billed 

water use.  

Demand Elasticity: In this report, the term demand elasticity is used to represent the 

amount water users, individually and collectively, adjust water use in response to drought 

conditions. For this definition, drought is the primary influence of interest for demand 

elasticity. But this includes simultaneous influences such as price increases during a 

drought which may affect water use, usually termed price elasticity of demand. Additional 

simultaneous influences on demand during drought may be increased conservation 

program effort and water use restrictions by the local water utility due to supply shortage 

concerns. All of these influences may combine during a serious drought and affect water 

use patterns. In this assessment, demand elasticity during drought includes the effects of 

these many influences on demand. 

Demand Hardening: An assumed loss in the willingness and/or ability of water users to 

reduce water use during a drought that may result from the ongoing implementation of 

long-term water conservation programs. 

 

Abbreviations, Acronyms  
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Drought: A standardized, widely accepted definition of drought does not exist. However, 

for the purposes of this report, a drought should be considered a period of significantly 

below normal precipitation for an area which is widely recognized by local residents, but 

depending on severity and duration may or may not result in a short-term water shortage 

for a local water utility and its customers. See section IV of this report for more on this 

definition.  

ETo: Reference evapotransporation, the amount of water in a given climate zone required 

by turf grass growing in full sun and wind conditions 

GPCD: Gallons per-capita per day 

HCF: Hundred cubic feet of water, or 748 gallons 

Kgal: 1,000 gallons of water 

Marginal Cost: The cost of producing one more unit of a good, or in this report the cost of 

producing or saving an acre-foot of water. 

MFR: Multi-family residential 

MG: Million gallons 

MGD: Million gallons per day 

NA: Not available or not applicable 

Natural Replacement Rate: The rate that water use fixtures and appliances are replaced by 

customer due to malfunction, or as a part of remodeling project or upgrades. 

Nominal Dollars: Dollars unadjusted for inflation 

Price Elasticity: The change in water use resulting from a change in price. A significant price 

increase results in a decrease in use.  

Real Dollars: Dollars adjusted for inflation to account for the time value of money 

SFR: Single-family residential accounts
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Project Goals 

The primary project goal was to identify the extent short-term water use patterns during a 
drought is influenced by demand management programs undertaken by urban water 
utilities prior to such events. This included assessing if the long-term demand management 
programs resulted in decreased, increased, or no significant impact on the ability and 
willingness of urban water users to achieve additional demand reduction during 
subsequent drought events. This report is intended to provide a useful reference tool for 
urban water resource managers planning for and grappling with drought.  

There is a long history in the Western states for many urban utilit ies to experience 
substantially reduced water use during serious drought years. In this report, the term 
demand elasticity is used to represent the amount water users, individually and 
collectively, adjust water use in response to drought conditions. For this definition, drought 
is the primary influence of interest for demand elasticity. But this includes simultaneous 
influences such as price increases during a drought which may affect water use, usually 
termed price elasticity of demand. Additional simultaneous influences on demand during 
drought may be increased conservation program effort and water use restrictions by the 
local water utility due to supply shortage concerns. All of these influences may combine 
during a serious drought and affect water use patterns. In this assessment, demand 
elasticity during drought includes the effects of these many influences on demand. 

The willingness and ability of water users to reduce water use in a drought has critical 
importance on the need and timing of new water supply facilities. This assessment was 
designed to provide guidance for water planners in determining acceptable levels of 
shortages during future drought events, and how to optimize water shortage contingency 
plans for fairness and minimizing economic impacts. This assessment also provides 
guidance for water utilities to adequately plan for revenue instability that may result as a 
consequence of short-term droughts and water shortages.   

Methodology 
The project methodology includes quantitative and qualitative components. Since a similar 
study had not yet been conducted, the project team decided to cast a wide net in 
examining issues and dynamics that may influence water use trends and patterns in past 
and future droughts. The methodology was designed to focus on broad trends and 
patterns, rather than a narrow, purely statistical approach, particularly since the availability 

Executive Summary  
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of adequate historic data for a precision statistical treatment was uncertain during 
development of the project. However, detailed water use histories, phone surveys, 
management and community interviews, and other qualitative data help provide a 
nuanced look at water use patterns during drought years.  

To base the assessment on real world events, much of our analysis focuses around in-depth 
water utility cases studies. The case studies were located in the arid Western states.  We 
developed selection criteria to recruit appropriate urban water utilities for in-depth case 
studies representing different regions, different service area characteristics, and different 
drought timing and shortage severities.  The seven case studies were: 

City of Boulder, CO 
Irvine Ranch Water District, Southern California 
Monte Vista Water District, Southern California 
City of Petaluma, Northern California 
San Antonio Water System, TX 
City of Santa Fe, NM  
City of Santa Rosa, Northern California  

 
The project study period was 1970 through 2011. This allowed evaluation of one or more 
drought events and long-term economic cycles for each case study.  

Tasks for each case study included: 
Ė Obtained water use records and developed a water use profile 
Ė Obtained water conservation program records and developed a conservation 

history 
Ė Compiled rate structure history and assessed price trends 
Ė Characterized local climate, collected data and conducted an assessment on annual 

weather conditions 
Ė Conducted an assessment of demographics and trends 
Ė Evaluated local economic patterns and trends  
Ė Conducted random phone surveys of residential customers 
Ė Conducted interviews of utility staff and management 
Ė Conducted interviews of community leaders and media members 
Ė Compiled revenue stability policies 

 
Using these data we constructed a background narrative, a water use profile, and 
conservation saturation estimates for each case study. We examined both per-capita and 
water use trends by customer class before, during and after each drought and how 
customers responded to various levels of declared shortage or water use restrictions 
instituted by each case study. 

Economic conditions are widely believed to have a significant impact on water use 
patterns.  The influence of economic conditions during drought years was frequently 



x 

 
Executive Summary An Assessment of Demand 

Elasticity during Drought 

identified as an area of interest by project participants. To address this issue, we selected 
utilities for case studies that experienced drought at different points in long-term economic 
cycles. To help assess the impact of a recession, and how strongly it affected the individual 
case studies, we collected economic data including annual per-capita income, annual 
unemployment rate, and annual home value index. For the years available during our study 
period, we collected the median household income, median home value, and percent of 
population below poverty line.  

Assessment of Demand Elasticity during Drought  
In addition to examining water use trends in past drought years, we examined what would 
be expected to happen during very serious drought events once a service area becomes 
fully saturation with present day conservation measures.  

None of the case study service areas are now fully saturated, and most were significantly 
less saturated when they experienced their most recent drought. Furthermore, for most of 
the case studies the most recent drought during the study period, while serious, was not 
nearly as severe for each utility as during their drought of record or worst case drought 
conditions for supply reliability planning purposes. Therefore, to assess drought response 
once fully saturated with present day conservation measures and during drought of record 
or worst case conditions, we were obligated to develop reasonable assumptions and 
projections of customer response to drought based on input from the phone surveys, a 
review of utility drought policies, interviews with utility management and community 
members, and interviews of landscape professionals that have experience managing 
landscapes during droughts.  

Utilizing data from the case water use profiles, conservation program implementation, and 
phone surveys, we constructed a bottom-up analysis of indoor per-capita water use under 
four scenarios to better understand a range of water use during a drought. The four 
scenarios are: 

1. Average water use behavior with efficient fixtures  
2. Drought year conserving behavior with efficient fixtures 
3. Average water use behavior with inefficient fixtures 
4. Drought year conserving behavior with inefficient fixtures   

 
We developed a landscape water use analysis that included a baseline landscape 
comprised primarily of turf, as was prevalent in the 1980s, and two cases of conversions to 
low-water-use landscapes. We then evaluated known and expected water use patterns 
before and during droughts for these three different types of landscapes. 

The trends and patterns emerging from our analysis were integrated into a more concise 
simulated example that assesses the potential drought response once utilities are fully 
saturated with key present day conservation technologies and low-water-use landscapes. 
To do this, we developed a hypothetical simulation of a typical water utility and analyzed 
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two scenarios based on parameters from the real world case studies and information 
collected in the phone surveys and interviews. The simulated case study analysis, though 
theoretical, is as much as possible a conceptual amalgamation of the seven real case 
studies. The assumptions used are consistent with information developed in assessing the 
case studies and designed to represent what appears viable to achieve without substantial 
economic impact.   

We used the simulated case study to examine the dynamics over time of increasing 
population, declining per-capita water use, and the impact of different levels of rationing 
on cumulative water use and per-capita allotments over a 35-year period. The simulated 
case study allowed us to assess drought response once a service area becomes fully 
saturated with conservation, and for each individual year during the 35-year period as 
conservation saturation increases from 0% to 100%. 

To evaluate revenue stability strategies, we examined the existing plans and policies of the 
seven case studies. We then worked with the project advisory group to identify and 
examine new revenue stability alternatives.  

Residential Phone Surveys 
The random phone surveys targeted only single-family residential accounts. The residential 
phone surveys included: 
 
Ė About 100 surveys per case study, for about 700 total surveys 
Ė Randomly selected single-family customers, screened to only include accounts in 

place at least 2 years before most recent drought 
Ė The survey asked about drought perceptions, site characteristics, behavioral 

responses, and policy preferences 
Ė We obtained water use histories for each survey respondent, mixed with a control 

group to protect anonymity. We then compared water use histories for each 
respondent account to responses in the phone survey along with a randomly 
selected control group. 

Ė We utilized measures to protect anonymity of all survey responses and water use 
histories 
 

Phone Survey Results 

Awareness of drought was high. About 85% or more of respondents reported awareness of 

the drought. About 95% of the respondents that were aware of a drought adopted 

conservation measures in response. 

Water users obtained information about drought events from a wide range of public 

sources. The information provided by utilities influences, but does not appear to dominate 

the drought messaging received by local water users.  
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Water users employ a wide range of indoor and outdoor conservation measures to save 

water during a drought. Reducing landscape water use is a primary conservation measure 

adopted by water users in a drought, but many interior water savings measures are also 

adopted. As they become aware of them, most water users appear to be receptive to 

trying new short-term and long-term conservation measures during drought periods.  

Adoption of water conservation measures during drought was fairly uniform for different 

age groups and income brackets. But higher income bracket households often saved more 

water during a drought, probably due to large landscapes and saving more landscape 

water. Water use for higher income brackets may also be less price sensitive during non-

drought years, providing more water savings opportunity during drought years. 

Awareness of the daily quantity of water use appears to be low, and water users do not 

presently have convenient methods to monitor daily water use. Water users appear to 

calibrate their water saving effort to their perception of the drought severity. But 

prioritization of water saving measures appears to be based on guesswork.  

Water rates appear to be an important factor influencing reduced water use in recent 

years. The impact of rising water rates appears to have substantially exceeded the related 

but separate impact of the recent recession in reducing water use.  

Water users expressed a strong preference for conserving additional water in a future 

drought instead of paying higher water bills for new water supply development. 

Conclusions 

Collectively for a service area, water users typically met or exceed conservation goals 

during drought events when given an actual target. Since water users have little experience 

monitoring daily water use, it appears to be based on guesswork, and the result of some 

customers over conserving and some under conserving relative to the overall target. Use of 

emerging AMR/AMI technology could be utilized to provide water users with accurate 

water use information on a much more frequent basis than monthly or bi-monthly utility 

billing cycles. This could reduce the guesswork for water users striving to meet 

conservation targets during drought.   

Case studies experiencing drought in later years of the study period, when they were more 

saturated with conservation measures and had experienced substantial population growth, 

did not appear to have greater difficulty meeting water use reductions requested by their 

water utility. 
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We found no apparent evidence in the case study water use records that water users were 

having any more difficulty meeting water use reduction targets in more recent droughts 

compared to drought events that occurred earlier in the 40-year study period. If anything, 

water users appeared to more easily achieve the water use reductions requested by 

utilities during more recent droughts. However, the more recent drought events were 

typically less severe than some earlier or drought of record events. Also all the case study 

utilities were far from fully saturated with present day water conservation technologies 

and practices during recent drought events, allowing water users to adopt long-term 

conservation measures to meet short-term water use reduction goals.  

Our analysis indicates the fate of water conserved with long-term conservation programs 

has important influence on the ability of a service area to respond to future droughts. 

Whether by formal policy, or just as a practical matter, most conserved water appears to 

be allocated to new water users in growing service areas.  When allocated to new users, a 

service area will have more people using less water on a per-capita basis, but also more 

people conserving water during a future drought. This has an important influence in 

offsetting potential demand hardening during droughts. 

In assessing how water users respond and adjust water use during drought, it is important 

to recognize it may be a moving target over time. Water conservation technologies are 

undergoing continuous improvements. Efficiency improvements will continue to occur that 

will allow less per-capita water use in future years. Since the phone surveys and saturation 

data indicate water users more rapidly adopt these during drought years, new efficiency 

technologies will provide new water use reduction opportunities in future drought years 

offsetting the potential for demand hardening.   

Based on our hypothetical simulation of typical urban water utility circumstances with 

present day trends and technologies, a service area fully saturated with conservation that 

has grown about 70% in population compared to when inefficient in the 1980s, would only 

experience demand hardening during drought events requiring rationing above 30%. The 

demand hardening would peak at 3.1% for rationing levels above 33.5% once the service 

area is fully saturated with conservation practices and technologies. However, depending 

on landscape restrictions during a drought, the utility may actually experience a 4.6% 

increase in demand elasticity, or more ability to reduce overall water use, during drought 

years while still providing landscapes a 50% water allocation for all but turf areas 

(discussed in detail in Section XII of this report). We assumed turf would comprise 25% of 

landscaped area using potable water in a fully conservation saturated service area. Data 

collected in the phone survey indicates a large number of landscapes already have 25% or 

less turf for their landscaped area. The hypothetical simulation does not account for new 
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water savings technologies becoming available during the 35-year simulated period. Nor 

does it account for potential increased use of graywater and rainwater capture and use 

during drought events. Given the present state of saturation of long-term conservation 

measures, and emerging new water saving technologies and opportunities that water users 

embrace at a higher rate during serous drought, the theoretical impact of demand 

hardening appears to poise little, if any, practical consequence for the 20 to 30 year 

planning horizons for urban water utilities.  

Many utilities have contingency plans for rationing up to 50%, often due to state mandated 

contingency plans. However, we are not aware of any urban water utility in the Western 

states presently planning for more than 25% rationing in its water supply reliability 

planning process. We are aware of some utilities that plan for 20% to 25% rationing in 

drought of record or worse conditions. Most appear to plan for considerably less water 

shortage. However, it appears utilit ies allocating conserved water to new growth would 

only need to consider demand hardening if planning for rationing in excess of 30% once the 

service area is fully saturated with water efficient technologies. 

Water conservation programs, inclining tiered rates, increasing cost of water and sewer 

bills, and increased efficiency in plumbing codes and standards have had a dominating 

influence on long-term water use trends. Total per-capita water use trends exhibit a 

persistent decline since the early 1990s when all of the above factors became influential. 

This trend is likely to continue for a number of years since present day interior and 

landscape conservation measures are not fully saturated, water costs are expected to 

continue rising, new and improved conservation technologies and practices will likely 

emerge, and climate change may exacerbate drought concerns during dry years.  

Long-term economic cycles such as recessions and expansions appear to not be a dominate 

influence on per-capita water use for the seven case studies in recent drought years. 

Starting in the early 1990s other factors became more influential. The recent recession 

appears to have played only a minor role in causing overall per-capita water use to decline 

in recent drought years. For many utilities, ongoing growth rates may have masked the 

underlying per-capita and customer class trends, until growth stopped or slowed during the 

recent recession. During the study period, economic expansions do not appear to have 

been constrained by declining per-capita water use. 

The CII sector experienced a long-term declining water use trend when measured by water 

use per account, use adjusted by total population for a service area and CII use as a 

percentage of overall water use. For most of our case studies, the CII downward trend in 

water use was steeper than other customer classes and began well before the recent 
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recession. With the data available for this assessment we were not able to pinpoint the 

exact causes of this decline. It could be related to many factors including both real water 

use trends and utility account classification changes and record keeping practices. Until the 

drivers of the ongoing decline in CII water use are better understood, water utilities should 

be cautious asking CII customer to sharply curtail water use, other than landscaping, in all 

but severe drought conditions and water shortages. 

Revenue Stability 

Numerous mechanisms already exist, and are widely used for providing revenue stability 

during drought years (these are noted in Section XIV of this report). However, revenue 

shortfalls have still been problematic for some utilities. A key to improving revenue 

predictions is more accurately predicting customer response to drought, which often 

exceeds requested use reductions, and for water users to more accurately monitor their 

water use more frequently than monthly or bimonthly to better meet conservation targets. 

New technologies under development such as Advanced Metering Infrastructure may 

provide a powerful tool to address this problem and may ultimately help improve revenue 

predictions for utilities instituting rationing in future years.  

Recommendations 

Ė In general, it appears utilities will not be impacted by demand hardening unless 
requiring rationing levels greater than 30% (excluding recycled water use). 
However, we recommend conducting agency specific analysis of local demand 
hardening thresholds based on supply reliability parameters, rates of population 
growth, conservation program saturation rates, and the allocation of water 
conserved in recent decades. 
 

Ė Evaluate policies that consider appropriate levels of water use reductions during 
droughts years as a fundamental part of water supply reliability planning.  For 
ŜȄŀƳǇƭŜΣ ŀŘƻǇǘƛƴƎ ŀ ǇƻƭƛŎȅ ǘƻ ǊŜǉǳƛǊŜ нр҈ ǊŀǘƛƻƴƛƴƎ όƻǊ ŜǾŜƴ ƳƻǊŜύ ŘǳǊƛƴƎ ŀ ǳǘƛƭƛǘȅΩǎ 
worst case drought analysis, would have major implications in reducing the need to 
overbuild a water supply system for infrequent serious drought events compared to 
providing full water supply during those conditions. Increasing the acceptable level 
of water use reduction during drought only 5% or 10% can have very important 
influence on water supply planning needs. Each utility would need to assess the 
appropriate drought policy for its circumstances, and the appropriate frequency of 
demand reductions and level of rationing in its worst case drought conditions, but 
this could have very substantial cost reduction benefits for its customers.    
 

Ė A more detailed analysis of the drivers of CII long-term water use trends would be 
helpful for better determining appropriate future drought policy for CII accounts. 
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Ė Develop systems whereby water users can better monitor water use on daily basis, 

which would be beneficial in drought years, but also very beneficial for water 
budgeting programs becoming increasingly prevalent. In the meantime, strive to 
provide specific water saving guidelines for different levels of water shortage during 
a drought. 
 

Ė Explore policies for rate structure adjustments at different levels of rationing and 
use of financial reserves to avoid bill increases for customers implementing water 
use reduction guidelines. 
 

Ė Develop clear and consistent guidelines for assigning customers to customer 
classes.  Consistent definitions and tracking of water use by customer classes for 
different utilities would be very useful in evaluating long-term water use trends.  
 

Ė Develop better data archiving practices, particularly during institutional transitions 
and billing system software transitions, which maintain water use records by 
customer class.  
 

Ė Develop clear policies on the fate of water conserved with long-term conservation 
programs that prescribe what portion of conserved water is allocated to new 
growth, stored for future supply reliability, or allocated to environmental 
enhancement. 
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Project Goals 
The goal of the project is to identify the extent demand elasticity during a drought is 
influenced by demand management programs undertaken by water agencies prior to 
drought. This includes examining if long-term demand management programs result in 
ŘŜŎǊŜŀǎŜŘΣ ƛƴŎǊŜŀǎŜŘΣ ƻǊ ƴƻ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘ ƻƴ ŀ ǳǘƛƭƛǘȅΩǎ ŀƴŘ ǘƘŜƛǊ ŎǳǎǘƻƳŜǊǎΩ ŀōƛƭƛǘȅ and 
willingness to achieve additional demand reduction during subsequent drought events. The 
project will also evaluate how water use for different customer classes responded to 
drought. This report is intended to provide a reference tool for urban water managers 
planning for and grappling with drought. 
 
There is a long history in the Western states for many utilities to experience significantly 
reduced water use during serious drought years. In this report, the term demand elasticity 
represents the amount water users, individually and collectively, adjust water use in 
response to drought conditions. For this definition, drought is the primary influence of 
interest for demand elasticity. But this may include many simultaneous influences which 
may affect water use during a drought such as price increases, usually termed price 
elasticity of demand. Additional simultaneous influences on demand during drought may 
be increased conservation program effort and water use restrictions instituted by the local 
water utility. All of these influences may combine during a serious drought and affect water 
use patterns. We use the term demand elasticity to broadly include the effects of these 
influences on demand during a drought. 
 
The willingness and ability of water users to reduce water use in a drought has critical 
importance on the need and timing of new water supply facilities. The project is designed 
to provide guidance for water planners in determining acceptable levels of shortages 
during future drought events and how to optimize water shortage contingency plans for 
fairness and minimizing economic impacts. The project will help water utilities plan for 
revenue instability that may result as a consequence of short-term droughts and water 
shortages.   
 
Background 
Many urban water purveyors in the Western states once had the luxury to plan drought 
year supplies to fully meet average year demand, providing a system with little water 
shortage risk in all but the most extreme drought years. However, given numerous modern 
pressures including ongoing population growth and development, competition between 
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utilities for available water supplies, increased emphasis on environmental protection, and 
increasing uncertainty with respect to climate change, this is no longer the case for many 
water utilities. As a result, many utilities now evaluate and include acceptable levels and 
frequencies of water shortages as a fundamental component of water supply reliability 
planning.  
 
It has been widely assumed by many water planners that conservation programs 
implemented before a drought or other short-term shortage diminish the ability of water 
users to further reduce water demand during subsequent shortages. This phenomenon, 
often labeled demand hardening, has undermined the attractiveness of long-term demand 
management programs for many water supply planners. There is a further concern that 
implementing water efficiency programs can make it more difficult for a utility to respond 
to reduced water allocations and deliveries during serious water shortages compared to 
other agencies. 
 
As a result, some utilities that plan for some degree of water shortage within their supply 
reliability planning parameters have substantially reduced the maximum acceptable water 
shortage risk. Other utilities have concluded that demand hardening could be a relatively 
minor factor and have not accounted for it in their supply reliability planning. And some 
utilities have not addressed the issue at all in their planning. 
 
The willingness and ability of customers in services areas with aggressive, long-term 
demand management programs to further reduce water use during occasional short-term 
shortages is an issue of fundamental importance in water supply planning. It has major 
implications on the need, cost and timing of new water supply development and serious 
implications for agency revenues during drought and non-drought years.  It also has 
important implications regarding the allocation of water for critical environmental needs 
during drought periods. 
 
As noted by the senior management for one utility participating in this project which had 
recently grappled with the issue, the willingness and ability of customers to reduce water 
use in a drought has major implications for long-term water supply planning, and is at the 
heart of water supply planning now for many urban water utilities.2 But a thorough 
assessment of this issue has not been available to inform utility planning processes. 
 
Many urban water utilities in the Western states have now experienced several drought 
periods since implementation began of modern, long-term demand management 
programs. This provided an opportunity to more thoroughly assess customer response to 
drought years and the willingness and ability to respond to future droughts. 
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The project methodology includes quantitative and qualitative components. Since a similar 
study had not yet been conducted, the project team decided to cast a wide net in 
examining issues and dynamics that may be influential to water use trends and patterns in 
past and future droughts. The assessment focused on broad trends and patterns, rather 
than a narrow statistical approach, particularly since the availability of adequate historic 
data for a precision statistical approach was uncertain when the project was being 
developed.  
 
The qualitative data, particularly the customer viewpoints and behavioral response to 
drought obtained with random telephone surveys helped provide a nuanced picture of 
customer response to drought often not possible with a purely statistical methodology. 
More statistical analysis of the data could be undertaken in the future if a more thorough 
quantification of demand drivers other than drought was of interest.  
 
The following is an overview of the project methodology. Additional methodology specifics 
are included in relevant sections of the report where they affect the data and analysis. 
 
Selection of Case Studies 
To base the assessment on real world events, much of our analysis is focused around in-
depth water utility cases studies. The case studies were located in the arid Western states. 
The project team believed inclusion of utilities in the eastern states would not provide an 
apples-to-apples comparison since East Coast climate and weather patterns differ 
significantly from patterns in the Western states. Also, the timeline for drought in the 
Western states is usually years, whereas the timeline for drought in the East is often only 
months. This results in fundamentally different water resource planning strategies and 
drought management dynamics.   
 
We developed selection criteria to recruit appropriate urban water utilities for in-depth 
case studies. For a utility to be included, the following criteria were used: 
 

1. Experienced one or more droughts with  short-term water shortage during the 
study period 

2. Implemented significant long-term demand management programs 
3. Expected to have adequate historic records for analysis in this project 
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4. Interested in participating and working with the project team to provide necessary 
records and data 

5. Represent a range of geographic areas and timing of drought years in relation to 
long-term economic cycles 

 
We selected seven case studies representing different regions, different service area 
characteristics, and different drought timing and shortage severities.  The seven case 
studies are: 
 

City of Boulder, CO 
Irvine Ranch Water District, Southern California 
Monte Vista Water District, Southern California 
City of Petaluma, Northern California 
San Antonio Water System, TX 
City of Santa Fe, NM  
City of Santa Rosa, Northern California  

 
The selection of seven case studies allows examination of a range of drought experiences 
and local circumstances, water use trends and patterns during drought events, along with 
similarities and differences between the seven case studies.  
 
The project study period was 1970 through 2011. This allowed evaluation of one or more 
drought events and long-term economic cycles for each case study.  
 
Collection and Analysis of Data Sets 
For each of the case studies, we collected and evaluated the follow data: 
 

1. Annual and monthly water production and detailed customer class billing records 
spanning as many years as possible during the 1970 through 2011 study period 

2. Annual demographic and economic data  
3. Annual and monthly precipitation and temperature data  
4. Information about the types of demand management programs undertaken by the 

case study utilities and annual implementation rates  
5. Rate structure history 
6. Records and reports on drought year experiences, declared cutbacks and rationing  

programs 
7. Water management plans and annual financial reports 
8. Interviews of conservation and senior water agency staff 
9. Random telephone surveys of residential customers  
10. Interviews of community members who could be expected to have informed 

viewpoints on customer perspective and response to drought events. Interviews 
were conducted with local political leadership, business community leaders, 
landscape professionals, and local press members involved with drought coverage 

11. Local press and media coverage of drought events for each case study  
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Using these data we constructed a background narrative and a detailed water use history 
profile for each case study. We examined both per-capita and water use trends by 
customer class before, during and after each drought and how customers responded to 
various levels of declared shortage or water use restrictions instituted by each case study. 
Economic conditions are widely believed to have a significant impact on water use 
patterns. Furthermore, the most recent drought for many of our case studies occurred 
during a sharp economic downturn. Therefore, project participants indicated separating 
the influence of the drought and the recession was of interest to this project.  
 
To address this issue, we selected case studies that experienced drought at different points 
in long-term economic cycles. To help assess the impact of a recession, and how strongly it 
affected the individual case studies, we collected economic data including annual per-
capita income, annual unemployment rate, and annual home value index. For the years 
available during our study period, we collected the median household income, median 
home value, and percent of population below poverty line.  
 
We further explored the issue by asking residential phone respondents to rate the impact 
of the recession on their household water use, and collecting demographic data on the 
phone survey respondents such as income level. Since we obtained the water use histories 
of phone survey respondents, we were able to compare actual water use histories with 
how respondents rated the impact of the recession on their water use. Since we collected 
annual population estimates and water use by customer class, we were able to look at 
water use patterns in past recessions that did not occur in drought periods. We also 
discussed the impact of the recession on the local community with water utility staff and in 
interviews with community and business leaders. 
 
We explored using case study billing system records for account shut-offs to help evaluate 
the impact of the recession on non-residential accounts. However, account turn-on and 
turn-off data, particularly for an annual time series analysis starting before 2007, was 
generally not available due to limitations in billing system software. Furthermore, many 
non-residential accounts are on shared meters with other business, for example a strip 
mall with numerous businesses on a master meter, which seriously compromises the 
analysis. Therefore, a viable analysis of non-residential account turn-offs using billing 
system records was not possible. 
 
Residential Phone Surveys 
The random phone surveys targeted only single-family residential accounts. This was due 
to the expected difficultly in using a random phone survey to reach an appropriate 
management/decision maker to respond to survey questions for non-residential accounts. 
Furthermore, non-residential sites, such as commercial and industrial, were expected to 
exhibit greater heterogeneity in water use characteristics compared to residential 
accounts. A single survey tool would not be adequate to survey many non-residential sites. 
The project team conducted phone interviews of commercial and landscape 
representatives to include input for those sectors. 
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The residential phone surveys included: 

Ė About 100 surveys per case study, totaling about 700 total surveys 
Ė Randomly selected single-family customers, screened to only include accounts in 

place at least 2 years before most recent drought 
Ė The survey asked about drought perceptions, site characteristics, behavioral 

responses, and policy preferences 
Ė We obtained water use histories for each survey responded, mixed with a control 

group to protect anonymity. We then compared water use histories for each 
respondent account to responses in phone survey along with a randomly selected 
control group. 

Ė We utilized measures to protect anonymity of all survey responses and water use 
histories 

 
The analysis for the phone survey includes response frequency distributions for each case 
study utility, along with a comparison of all seven case studies. Cross tabulations and 
analysis of water use histories for specific issues of interest were also conducted.  
 
Utilizing data from the case water use profiles, conservation program implementation, and 
ǇƘƻƴŜ ǎǳǊǾŜȅǎΣ ǿŜ ŎƻƴǎǘǊǳŎǘŜŘ ŀ άōƻǘǘƻƳ ǳǇέ ŀƴŀƭȅǎƛǎ ƻŦ ƛƴŘƻƻǊ ǇŜǊ-capita water use 
under four scenarios to better understand a range water use during a drought. The four 
scenarios are: 

1. Average water use behavior with efficient fixtures  
2. Drought year conserving behavior with efficient fixtures 
3. Average water use behavior with inefficient fixtures 
4. Drought year conserving behavior with inefficient fixtures   

 
We then developed a landscape analysis that included a baseline landscape comprised 
primarily of turf, as was prevalent in the 1980s, and two cases of landscape conversions to 
low-water-use landscapes. We then evaluated known and expected water use patterns 
before and during droughts for these three different types of landscapes. 
 
To integrate many of the trends and patterns emerging from our analysis into a more 
concise example, we developed a hypothetical case study and analyzed two scenarios 
based on parameters from the real world case studies. We use the hypothetical case study 
to examine the dynamics over time of population increasing, declining per-capita water 
use, and the impact of different levels of rationing on cumulative water use and per-capita 
allotments over a 35-year period.  
 
To evaluate revenue stability strategies, first we examined the existing plans and policies of 
our seven case studies. We then worked with the project advisory group to identify and 
examine additional revenue stability alternatives and considerations.  
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Interviews of Utility Management and Community Members 
For each case study we conducted one or more interviews of key conservation staff and 
senior management personnel. Many of the interviews were done in-person and included 
reviews of utility data sets used in the analysis, and data relevant to the community such as 
economic indicators, weather and climate and demographics. In the interviews we 
discussed ŜŀŎƘ ǳǘƛƭƛǘȅΩǎ ŘǊƻǳƎƘǘ ƘƛǎǘƻǊȅ ŀƴŘ ǇƻƭƛŎƛŜǎ to deal with drought, the local 
economic circumstances and trends, and history of demand management programs.   
 
During the utility management interviews, we developed a list of community members 
who would be expected to have experience and informed viewpoints on water policy 
during drought years and invited the community members to provide input through 
interviews. Most of the community interviews were conducted by phone. However, when 
possible community interview were conducted in-person, as was the case for many citizens 
and conservation committee members for some case study utilities.  
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To base much of the demand elasticity assessment on real world events and circumstances, 

we selected seven case studies for a detailed analysis of local circumstances, water use 

patterns and trends, and response to drought events. The case studies along with some 

basic service area characteristics are noted in Table III-1 below.  

Table III-1 

 
 

The follow pages in this Section contain background and overview information for each 

case study including: 

General description of the service area  

Basic demographics  

Climate pattern and rainfall  

Water supply sources  

Conservation program history 

Rate structure history 

Drought history 

Drought trigger stages 

Revenue strategy during drought 

Supply reliability planning 

Case Study

2011 

Population

Service 

Area       

(sq mi) Elevation

Average 

Annual 

Rainfall,    

1970-2011 

(inches)

Summer Month 

Highest  Average 

Temperature,  

1970-2011 (°F)

Winter Month 

Lowest Average  

Temperature,  

1970-2011 (°F)

Rainfall 

Season

Boulder 116,628 26 5,430 19.7 87.4 45.3 All Year

Irvine Ranch 341,745 181 45 13.6 86.6 67.8 Winter

Monte Vista 52,821 9.6 1,000 16.1 90.5 67.2 Winter

Petaluma 60,154 14 30 25.8 81.9 56.9 Winter

San Antonio 1,300,689 900 500-1,400 32.4 95.2 62.4 All Year

Santa Fe 79,627 43.6 7000 13.5 84.4 37.0 All Year

Santa Rosa 168,856 41.5 164 31.1 81.8 57.8 Winter

Comparison of Case Study Service Areas
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More detailed Water Use Profiles for each case study that also contain population histories 

are included in Appendix A. The data in Appendix A served as the bases for much of the 

analysis for each case study. 

Since drought events are highly variable and utility, local and regional media responses to 

drought influences customer perception and response, understanding the individual case 

study profiles is critical to understanding much of the analysis that follows. 
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City of Boulder Background and Overview  
 
The City of Boulder was founded in 1859 and is located in Colorado on the eastern slope of 
the Rockies, at an elevation of 5,430 feet and about 25 miles northwest of Denver. The 
water utility service area is slightly less than 26 square miles.  
 
In 2011, the service area population was estimated at 116,628. The University of Colorado 
Boulder results in a relatively large university population of 29,884 on-campus degree-
seeking students.3 

 
The City of Boulder Utilities Department, which includes the Water Utility, is governed by 
the 9-member City Council, and is advised by a 5-person Water Resources Advisory Board 
appointed by the City Council.4  
 
!ŎŎƻǊŘƛƴƎ ǘƻ .ƻǳƭŘŜǊΩǎ 2009 Water Conservation tƭŀƴΣ άǘƘŜ /ƛǘȅ ƻŦ .ƻǳƭŘŜǊ ƛǎ 
approximately 90 percent built out and any additional improvements or additions to its 
water system will focus more on improving system operating flexibility than increasing 
ŎŀǇŀŎƛǘȅΦέ5  
 
Boulder tracks water use in four customer classes as shown in Table III-2 below.  
 

Table III-2 

 
 
A detailed Water Use Profile with population history for Boulder is included in Appendix A. 
 
Climate Pattern 
Boulder has a relatively dry climate typical of much of Colorado with many sunny days each 
year.  Winters are cool to very cold. Summers are hot and dry with many days reaching 90 
°F or above. Due to the elevation, nights are significantly cooler than days. The Front 
Range, just west of Boulder, shields the city of much winter precipitation. Summer rainfall 
is common.  
 
Figures III-1 through III-4 below, provide the annual rainfall and snowpack history, the 
average monthly rainfall and average monthly temperatures for Boulder from 1970 
through 2011. 

Customer Class

Number of 

Accounts in 2011 % of Total

Single-family residential 22,652 79.3%

Multi-family residential 2,544 8.9%

Commercial (CII) 2,077 7.3%

Landscape 1,307 4.6%

Total 28,580 100.0%

Boulder Number of Accounts
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Figure III-1 

 
 
 

Figure III-2 

 
 

 
The low snowpack period in the ealry 2000s, bottoming out in 2002 represents the most 
serious drought for Boulder during the study period of this project.  
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Water Sources 
Boulder has two sources of water supply. The primary source of water supply is the 
Boulder Creek basin. The secondary source of supply is water from the Colorado-Big 
Thompson (CBT) and Windy Gap Projects which divert water from the western slope.6 The 
winter snowpack on the western slope is an important factor fƻǊ .ƻǳƭŘŜǊΩǎ ŀƴƴǳŀƭ ǿŀǘŜǊ 
supply. 
 
Water Conservation Program  
.ƻǳƭŘŜǊΩǎ Water Conservation Program was initiated in the early 1990s. In November, 
1990, the City Council approved a conceptual plan for a voluntary water conservation 
program. In 1992, a Water Conservation Office was established to oversee efforts of 
reducing overall demand and with a focus on reducing peak summer usage.7 
 
The Water Conservation Program was organized around the following program areas: 
 

Information and awareness 
Education 
Technical consultation 
Research and data collection 
Water rates 
Municipal water use 
Ordinance and standard development 

 
Boulder began offering landscape seminars, school educational events, and on-site 
landscape efficiency consultations in the early 1990s. Rebates for efficient toilets and 
clothes washers were started in the mid-1990s. A saturation estimate of key conservation 
practices is included in Section IX of this report. 
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Rate Structure 
In 1988, Boulder transitioned from a flat rate structure to a three-tier increasing block rate 
structure. In January 2007, Boulder implemented a five-tier rate structure based on water 
budgets for each type of customer. Single-family residential water budgets are based on an 
analysis of efficient use for the average household. CII water budgets are presently based 
on historic use, but options for refining them to more directly reflect efficient use are 
presently under consideration.  
 
The water budgets were developed partly in response to the 2002 drought to provide the 
ability to allocate water on a more equitable basis during drought periods and let water 
users decide how to best use available supplies, rather than rely primarily on numerous use 
restrictions.8 A more detailed history of the rate structure is included in Appendix B.  
 
Drought History 
Boulder experienced a series of dry years of below average snowpack starting in 2000, with 
the most serious period in 2002-2003. Boulder responded by implementing a series of 
reduction measures which called for up to a 22% reduction in water use. This was 
equivalent to a Stage III drought in Drought Plan subsequently completed in 2003. A late 
season snow storm in 2003 significantly increased snow pack and ease drought urgency. 
 
.ƻǳƭŘŜǊΩǎ нллп 5ǊƻǳƎƘǘ tƭŀƴ ŘŜscribes the 2002 drought response as follows:9 
 

In response to the worsening drought situation, Boulder requested voluntary 
watering restrictions from its customers in early May of 2002 and imposed 
mandatory restrictions in early June. The mandatory restrictions applied to all city 
water users and were primarily targeted at irrigation use, but included restrictions 
on other outdoor uses. The program also included efforts to reduce indoor water 
use even though any restriction on indoor uses would be difficult to enforce. 
 
Spray irrigation and hand watering of lawns, gardens, or other landscapes was 
restricted to twice a week for no more than 15 minutes in any sprinkler zone or 
area. Irrigation was limited to designated days of the week based on customer 
address and was further limited to the hours of 6 p.m. through 9 a.m. Drip irrigation 
systems, bubbler or soaker hoses could be used for up to two hours for each area 
on the same days and hours designated for sprinkler outdoor watering. The 
restriction program also prohibited washing of sidewalks, driveways, patios or 
similar hardscapes, and required that private washing of vehicles be done with a 
bucket or a hose fitted with an automatic shut-off nozzle. Penalties were 
established for violations of the restrictions, escalating from $50 for the first 
violation to $300 for the third violation and eventual shut-off of water service for 
repeated violations. 
 
Restrictions were modified in August 2002 to allow deep-watering of trees and 
ǎƘǊǳōǎ ƻƴ ǎǇŜŎƛŦƛŜŘ Řŀȅǎ ƻƴŎŜ ŀ ƳƻƴǘƘΦ .ƻǳƭŘŜǊΩǎ ǿŀǘŜr use restriction program 
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continued through the winter and spring of 2002-2003 with some modifications to 
accommodate hand watering to reduce the potential for long-term damage to trees 
and shrubs and to allow lawn watering in accordance with the restrictions except 
for allowing watering during daylight hours through the winter. 
 
The program was prominently and repeatedly announced through a wide range of 
ƳŜŘƛŀ ƛƴŎƭǳŘƛƴƎ ƴŜǿǎǇŀǇŜǊǎΣ ǘŜƭŜǾƛǎƛƻƴΣ ǿŀǘŜǊ ōƛƭƭ ƛƴǎŜǊǘǎ ŀƴŘ ǘƘŜ ŎƛǘȅΩǎ ŘǊƻǳƎƘǘ 
web site. Weekly water use target goals were established and published along with 
ǘƘŜ ǇǊŜǾƛƻǳǎ ǿŜŜƪΩǎ ǿŀǘŜǊ ǳǎŜ ǘƻ ƎƛǾŜ ŦŜŜŘōŀŎƪ ǘƻ ǘƘŜ ŎƛǘȅΩǎ ŎǳǎǘƻƳŜǊǎ ƻƴ ǿŀǘŜǊ 
savings. 
 
/ǳǊǊŜƴǘ ǿŀǘŜǊ ǳǎŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ǘƛǇǎ ƻƴ ǎŀǾƛƴƎ ǿŀǘŜǊ ǿŜǊŜ ǇƻǎǘŜŘ ƻƴ ǘƘŜ ŎƛǘȅΩǎ 
website. 

 
The 2004 DrougƘǘ tƭŀƴ ƴƻǘŜǎ άǘƻǘŀƭ ǿŀǘŜǊ ǳǎŜ ŘǊƻǇǇŜŘ ōȅ ŀōƻǳǘ ол҈ ŦǊƻƳ WǳƴŜ ǘƘǊƻǳƎƘ 
{ŜǇǘŜƳōŜǊ нллн ŀƴŘ ǊŜƳŀƛƴŜŘ ŀōƻǳǘ му҈ ōŜƭƻǿ ƴƻǊƳŀƭ ǘƘǊƻǳƎƘ aŀǊŎƘ нллоΦέ10  The 
2004 Drought Plan also notes:  
 

!ƴ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ōƛƭƭƛƴƎ Řŀǘŀ ŦƻǊ Wǳƭȅ ŀƴŘ !ǳƎǳǎǘ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ Ŏompliance 
ǊŀǘŜ ŀƳƻƴƎ .ƻǳƭŘŜǊΩǎ ǿŀǘŜǊ ŎǳǎǘƻƳŜǊǎ ǿŀǎ ǉǳƛǘŜ ƘƛƎƘΦ hǾŜǊŀƭƭΣ тр҈ ƻŦ .ƻǳƭŘŜǊΩǎ 
customers reduced their water usage during the summer of 2002. Compliance 
levels were slightly higher (78%) for single family users and somewhat lower (58% 
to 68%) for ƳǳƭǘƛŦŀƳƛƭȅΣ ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ǳǎŜǊǎΧ Ƴƻǎǘ ƻŦ ǘƘŜ ŎǳǎǘƻƳŜǊǎ 
that did not reduce their water use were low-volume users to begin with, and their 
allowable use under the restriction program was probably greater than their use in 
non-drought years.11  

 
Drought Stage Triggers 
.ƻǳƭŘŜǊΩǎ ŘǊƻǳƎƘǘ Ǉƭŀƴ ƴƻǘŜǎ άaŀȅ м ƛǎ ǘƘŜ ǘƛƳŜ ǿƘŜƴ .ƻǳƭŘŜǊ Ƙŀǎ ǘƘŜ Ƴƻǎǘ 
foreknowledge about its water supply system because virtually all of the snowpack has 
ǳǎǳŀƭƭȅ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘƛǎ ǘƛƳŜ ŀƴŘ .ƻǳƭŘŜǊΩǎ Ŧƛƴŀƭ /.¢ ώ/ƻƭƻǊŀŘƻ-Big Thompson Project] 
quota for the year is known. May 1st is also early enough for Boulder to influence almost 
ŀƭƭ ƻǳǘŘƻƻǊ ǳǎŜǎ ŦƻǊ ǘƘŜ ŜƴǎǳƛƴƎ ƛǊǊƛƎŀǘƛƻƴ ǎŜŀǎƻƴΦέ 12 
 
The drought plan provides assessment of three triggers to be assessed on May 1 of each 
year, including:  

1. .ƻǳƭŘŜǊΩǎ ǇǊƻƧŜŎǘŜŘ Ƴƻǳƴǘŀƛƴ ǎǘƻǊŀƎŜ ŘǳǊƛƴƎ ǘƘŜ ŜƴǎǳƛƴƎ aŀȅ-June period based 
on snowpack measurements and the projected resulting streamflows during the 
spring runoff period. 

2. .ƻǳƭŘŜǊΩǎ ǇƻǊǘƛƻƴ ƻŦ ǿŀǘŜǊ ǇǊƻƧŜŎǘŜŘ ǘƻ ōŜ ŀǾŀƛƭŀōƭŜ ƛƴ /.¢ ǊŜǎŜǊǾƻƛǊǎ during the 
ensuing May-June period. 

3. .ƻǳƭŘŜǊΩǎ ǳƴǊŜǎǘǊŀƛƴŜŘ ǿŀǘŜǊ ŘŜƳŀƴŘΦ13 
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These three components are evaluated and used for developing a Projected Storage 
Index.14  The Projected Storage Index along with drought alert stages and reduction goals is 
show in Table III-3 below. 
 
 

Table III-3 
Boulder Drought Stages15 

 

Projected Storage Index 

 

Drought 
Alert Stage 

 

Drought 
Description 

Total Annual 
Water Use 
Reduction 
Goal 

Irrigation 
Season Water 
Use Reduction 
Goal 

Greater than 0.85 None None NA NA 

Between 0.85 and 0.7 I Moderate 8% 10% 

Between 0.7 and 0.55 II Serious 14% 20% 

Between 0.55 and 0.4 III Severe 22% 30% 

Less than 0.4 IV Extreme 40% 55% 

 
 
Revenue Strategy during Drought 
Boulder has several planning documents that address potential revenue impacts of water 
shortages and strategies for stabilizing revenues. The strategies include: 16 
 

1. Drought surcharges 
2. Rate and allocation adjustments 
3. Delay of non-critical capital projects 
4. Reduction of operation costs 
5. Drawn on a 20% financial reserve (within the limits of bond coverage requirements) 

that is maintained for revenue shortfalls 
 

The use of these strategies would be decided within the context of each drought event.  
 
Supply Reliability Planning 
In 1989, Boulder developed a policy to include water use reductions during a serious 
drought a component of supply reliability planning. As noted in a recent Water Resources 
Advisory Board Packet:  
 

The cost of providing facilities and water rights that might be used only once in 
many decades would be high and would not be an effective use of available funds. 
In 1989, the city began planning to reduce the amount of water provided by the 
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municipal water system during significant drought stages rather than planning to 
provide water for all uses under all drought conditions. At that time, council 
established reliability criteria for the acceptable frequency of drought stage water 
use restrictions.17 

  
Boulder has conducted a detailed and thorough water supply reliability assessment. The 
assessment is based on a watershed model ǘƘŀǘ ǿŀǎ άƻǊƛƎƛƴŀƭƭȅ ŘŜǾŜƭƻǇŜŘ ǘƻ ǎƛƳǳƭŀǘŜ ŀƭƭ 
significant aspects of hydrology, water rights, water storage and diversion facilities and 
ǿŀǘŜǊ ǳǎŜǎ ƛƴ ǘƘŜ .ƻǳƭŘŜǊ /ǊŜŜƪ ōŀǎƛƴέ ŀƴŘ άǿŀǎ ŜȄǇŀƴŘŜŘ ǘƻ ƛƴŎƭǳŘŜ ŀ ǎƛƳǇƭƛŦƛŜŘ ǎǳō-
model of the CBT Project and WinŘȅ DŀǇ ǇǊƻƧŜŎǘǎΦέ18  
 
¢ƘŜ ƳƻŘŜƭ ǿŀǎ ǘƘŜƴ άƳƻŘƛŦƛŜŘ ǘƻ Ǌǳƴ ŀƎŀƛƴǎǘ ŀ олл-year period of record that reflects the 
results of tree ring-based reconstructions of natural flows for Boulder Creek and the 
Colorado River for the years 1703-1987 (actual historical data were used for 1988-нллнύΦέ 

19  The model included the drought response triggers and associated demand reductions 
noted in Table III-3 above to frequency and depth of water shortages. The results are 
shown Table III-4 below. 20 
 
 

Table III-4 
Boulder Supply Reliability Assessment 

Drought Alert Stage Number of Occurrences Years of Occurrences 

None 290 All years but those listed below 

Level I 5 1842, 1848, 1852, 1885, 1890 

Level II 3 1851, 1887, 1889 

Level III 2 1888, 2002 

Level IV 0 None 
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Irvine Ra nch Water District Background and Overview  
 
TƘŜ LǊǾƛƴŜ wŀƴŎƘ ²ŀǘŜǊ 5ƛǎǘǊƛŎǘ όŦǊŜǉǳŜƴǘƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ǎƛƳǇƭȅ ŀǎ άLǊǾƛƴŜ wŀƴŎƘέ ƛƴ ǘƘƛǎ 
report) was formed in 1961 and is located in the south central portion of Orange County, 
which is part of the Los Angeles basin area. The service area is about 181 square miles and 
includes all of the City of Irvine and portions of the Cities of Costa Mesa, Lake Forest, 
Newport Beach, Tustin, Santa Ana, Orange and unincorporated Orange County.  
 
The City of Irvine has an elevation of 45 feet above sea level, with some variation for the 
ƻǾŜǊŀƭƭ ǎŜǊǾƛŎŜ ŀǊŜŀΦ ¢ƘŜ ǳǘƛƭƛǘȅΩǎ ǎŜǊǾƛŎŜǎ ƛƴŎƭǳŘŜ drinking water, sewage collection and 
treatment, recycled water, and urban runoff treatment.  
 
The Irvine Ranch Water District is governed by a five-member, publicly elected board of 
directors. 
 
Numerous consolidations with other water districts occurred since 1997 that expanded the 
service area and number of retail connections in recent years. In 2011, the service area 
population was estimated at 341,000.  
 
As noted in its 2010 Urban Water Management Plan, Irvine Ranch Water District άƻƴŎŜ 
largely an agricultural community, is continuing to undergo municipal and industrial 
ŘŜǾŜƭƻǇƳŜƴǘ ǿƛǘƘ ǾŀŎŀƴǘ ƭŀƴŘ ŀƴŘ ŦŀǊƳƭŀƴŘ ōŜƛƴƎ ǳǊōŀƴƛȊŜŘ ŜŀŎƘ ȅŜŀǊΦέ 21 A population of 
446,633 is projected for the year 2035.22 
 
Irvine Ranch tracks water use in eight customer classes. The classes and number of 
accounts for each customer class in 2011 is shown in Table III-5. 
 

Table III-5 

 
 
A detailed Water Use Profile with a population history for Irvine Ranch is included in 
Appendix A. 

Customer Class

Number of 

Accounts in 2011 % of Total

Single-family residential 52,731 54.3%

Multi-family residential 33,033 34.0%

Commercial 4,921 5.1%

Institutional 286 0.3%

Industrial 857 0.9%

Landscape 1,825 1.9%

Agriculture 10 0.0%

Other (Fire, etc) 3,395 3.5%

Total 97,058 100.0%

Irvine Ranch Number of Accounts
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Climate Pattern 
The Irvine Ranch service area has a mild and relatively uniform climate with an average 
rainfall in the area of 14.2 inches.  Rainfall occurs in the winter months. The summers are 
dry. Average monthly temperatures range from a low of 56.2 F in December, to a high of 
71.2 in September.23 The proximity to the Pacific Ocean provides some marine air layer 
moderation of temperatures.  
 
Figures III-5 through III-7 below, provide the annual rainfall history, the average monthly 
rainfall and average monthly temperatures for Irvine Ranch from 1970 through 2011.24 
Figure III-8 provides California statewide runoff conditions.  
 
                                                                           Figure III-5 

 
 

Figure III-825 

 



 
III -12 An Assessment of Demand 

Elasticity during Drought 

Case Studies ς Background & Overview 

Irvine Ranch was most affected by the 1976-77 drought, and the drought from 1987-92. 
Irvine Ranch did not experience a water shortage during the 2007-2010 dry years in 
California when many surrounding utilities did experience a water shortage.  
 
                                    Figure III-6                                                           Figure III-7 

      
 
 
Water Sources 
Irvine Ranch has a diverse water supply portfolio. Regionally derived groundwater provides 
about 50% of Irvine RanchΩǎ ǿŀǘŜǊ ǎǳǇǇƭȅΦ26 According to its 2010 Urban Water 
Management Plan, imported water received from local wholesalers accounts for about 
27% of supplies. These supplies are from Northern California through the California State 
Water Project and the Colorado River.27 These are distant supply sources that sometimes 
have ŘƛŦŦŜǊŜƴǘ ŀƴƴǳŀƭ ǿŜŀǘƘŜǊ ǇŀǘǘŜǊƴǎ ŎƻƳǇŀǊŜŘ ǘƻ LǊǾƛƴŜΩǎ ǎŜǊǾƛŎŜ ŀǊŜŀΣ ǿƘƛŎƘ ƛǎ 
important when considering the impact of droughts.  
 
Non-potable sources which include recycled water, native surface water, local groundwater 
and untreated imported water account for a significant portion of supply. These sources 
provide the majority of water for landscape irrigation and agriculture.28 
 
Water Conservation Program 
Starting with some pilot programs in the late 1980s, Irvine Ranch Water District has had an 
active water conservation program since the early 1990s with education, technology 
retrofits, and conservation ordinance components.  
 
Starting in 1991, the conservation efforts included water conservation site surveys, free 
low-flow showerheads, toilet dams, faucet aerators and dye tablets to check for toilet 
leaks. In 1993, a toilet retrofit program began. In 2003, incentives for high efficiency 
clothes washers began. Irvine Ranch also had multiple programs targeting outdoor use 
including landscape retrofits, installation of weather-based irrigation controller programs, 
and landscaper trainings.   
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In 2005 Irvine Ranch adopted a Water Conservation Business Plan which has six elements: 

Ė Rate Structure 
Ė Policy Leadership 
Ė Education and Outreach 
Ė On-Site Customer Assistance 
Ė Research and Technology 
Ė Cost-Effective Tactical Incentives 

 
The plan placed a renewed emphasis on leveraging co-funding for cost-effective programs 
and devices offered by local wholesalers such as the Metropolitan Water District of 
Southern California and the Municipal Water District of Orange County. Estimated 
saturations of key conservation parameters are provided in Section IX of this report. 
 
Rate Structure 
Irvine Ranch had uniform rates between 1971 and 1990. In 1991 Irvine instituted inclining 
block tiered rates based on a water budget for each account. Residential customers and 
dedicated irrigation have a five-tier rate structure. CII customers have four tiers. A monthly 
service charge varies with the size of the water meter and fully recovers the operating and 
maintenance cost of the utility. The tiers recover the cost to purchase, treat, and pump 
water. In 2009, allocations were reduced by about 15% to account for the trend of more 
efficient water use and to reflect updated plumbing codes and standards. A more detailed 
history of the rate structure is included in Appendix B.  
  
Drought History 
California experienced drought periods in 1976-77, 1987-1992, and 2007-2010. These 
affected Irvine Ranch to varying degrees.  
 
LǊǾƛƴŜ wŀƴŎƘΩǎ мффр ¦Ǌōŀƴ ²ŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ tƭŀƴ ǎǘŀǘŜǎ ŀ [ŜǾŜƭ м shortage was in effect 
from July 5, 1977 until March 1, 1978. Lǘ ƴƻǘŜǎ άaction during the 1976-77 drought in 
California consisted of public education programs aimed at promoting water conservation, 
the adoption of a resolution prohibiting water wastage and the addition of a conservation 
surcharge of approximately 10% of the then-ŎǳǊǊŜƴǘ ǿŀǘŜǊ ǊŀǘŜέ ŀƴŘ ǘƘŀǘ άshortages in 
water supplies experienced during the 1976-77 drought had only a minor impact on IRWD 
customers.έ29 
 
Irvine Ranch was more seriously impacted by the 1987-92 drought. The 1995 Urban Water 
Management Plan states: 
 

At the height of the 1987-1992 drought, MWD was forced to institute supply 
cutbacks of 30%. In response, IRWD declared a level two drought condition and 
implemented conservation measures outlined in ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ ²ŀǘŜǊ {ƘƻǊǘŀƎŜ 
Contingency Plan. These measures resulted in water savings averaging 20-25%. The 
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District also implemented its Ascending Block Rate Structure in 1991, which further 
improved water conservation.έ30  

 
Due to a present day high level of water supply reliability, Irvine Ranch did not declare a 
drought, nor request drought related water use reductions in the recent California drought. 
However, since Irvine Ranch is in an area where many surrounding utilities did have 
shortage and requested water use reductions, there was spillover messaging on this issue 
into the Irvine Ranch service area. In the phone surveys for Irvine Ranch, 75% of 
respondents believed Irvine Ranch had declared a drought and requested water use 
reductions. In addition, many customers contacted the utility asking if rationing was in 
place and how customers should respond.31 This appears to have affected the water use 
patterns for many customers. This perception may have been influenced when water 
budget rate allocations were reduced in July 2009, as discussed above. The rate allocation 
adjustment action had been planned since 2005, and was not a drought management 
measure. 
 
Drought Stages 
Irvine Ranch drought contingency plans indicate four potential drought levels as shown in 
Table III-6. 
 

Table III-6 
Irvine Ranch Drought Stages32 

Drought Level Description Shortage Implementation 

Level 1 Drought Warning Up to 10% Voluntary 

Level 2 Significant Drought Conditions 10% to 25% Voluntary 

Level 3 Emergency Drought Conditions 25% to 40% Mandatory 

Level 4 Crisis Drought Conditions More than 40% Mandatory 

 
 
Level 4 mandatory restrictions would include eliminating outdoor use, banning car washing 
and pool filling, and other restrictions and enforcement.33 
 
Revenue Strategy during Drought 
!ǎ ƴƻǘŜŘ ƛƴ ǘƘŜ ǊŀǘŜ ǎǘǊǳŎǘǳǊŜ ǎǳƳƳŀǊȅΣ LǊǾƛƴŜ wŀƴŎƘΩǎ ƳƻƴǘƘƭȅ ǎŜǊǾƛŎŜ ŎƘŀǊƎŜ ǊŜŎƻǾŜǊǎ ǘƘŜ 
cost oŦ ƻǇŜǊŀǘƛƴƎ ŀƴŘ ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ ǳǘƛƭƛǘȅΩǎ ŦŀŎƛƭƛǘƛŜǎΣ ŀƴŘ ǘƘŜ ŎƻƳƳƻŘƛǘȅ ŎƘŀǊƎŜǎ ǊŜŎƻǾŜǊ 
the cost of purchasing, treating and pumping water.  
 
LǊǾƛƴŜ wŀƴŎƘΩǎ нлмл ¦Ǌōŀƴ ²ŀǘŜǊ aŀƴŀƎŜƳŜƴǘ tƭŀƴ ƴƻǘŜǎ ǘƘŜ άōƛƭƭƛƴƎ ǎǘǊǳŎǘǳǊŜ ƛǎ ŘŜǎƛƎƴŜŘ 
to be insulated from revenue swings resulting from deviations between actual and 
ōǳŘƎŜǘŜŘ ǿŀǘŜǊ ǎŀƭŜǎ ŀƴŘ ŦǊƻƳ ŘŜŎƭƛƴƛƴƎ ƻǊ ǊŜŘǳŎŜŘ ǿŀǘŜǊ ǎŀƭŜǎΦέ34  If a water shortage 
occurs in a drought, the reduced water sales will be offset by reduced costs to import and 
pump water.  
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Additional costs are sometimes incurred by utilities during a drought to support public 
ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ŜƴƘŀƴŎŜŘ ŎƻƴǎŜǊǾŀǘƛƻƴ ǇǊƻƎǊŀƳǎΦ LǊǾƛƴŜ wŀƴŎƘΩǎ нлмл ¦Ǌōŀƴ ²ŀǘŜǊ 
aŀƴŀƎŜƳŜƴǘ tƭŀƴ ǎǘŀǘŜǎ άŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƭŜǾŜƭ ƻŦ ǎƘƻǊǘŀƎŜΣ Lw²5 Ƴŀȅ ǊŜŘǳŎŜ ŎǳǎǘƻƳŜǊ 
billing allocations, tighten the tiers, increase rates, or some combination of those strategies 
ǘƻ ƻōǘŀƛƴ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ǊŜŘǳŎǘƛƻƴǎΦέ35 Lƴ ŀŘŘƛǘƛƻƴΣ ŀǎ ƴƻǘŜŘ ƛƴ ǘƘŜ нлмл ǇƭŀƴΣ άǘƘŜ ǇǊƛŎƛƴƎ 
ǇƻƭƛŎȅ ƛǎ ŜǾŀƭǳŀǘŜŘ ƻƴ ŀ ȅŜŀǊƭȅ ōŀǎƛǎ ŀƴŘ ŀŘƧǳǎǘŜŘ ŀǎ ǿŀǊǊŀƴǘŜŘΦέ ¢ƘŜǎŜ ŀŘƧǳǎǘƳŜnts could 
provide for the recovery of any additional costs incurred during a water shortage. 
 
LǊǾƛƴŜ wŀƴŎƘΩǎ нлмл ¦Ǌōŀƴ ²ŀǘŜǊ aŀƴŀƎŜƳŜƴǘ tƭŀƴ ƴƻǘŜǎ ǘƘŀǘ ǇŜƴŀƭǘȅ ŎƘŀǊƎŜǎ ǿƛƭƭ ōŜ 
ŜƴŀŎǘŜŘ ŦƻǊ [ŜǾŜƭ п ǿŀǘŜǊ ǎƘƻǊǘŀƎŜǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ Ǉƭŀƴ ƴƻǘŜǎ ǘƘŜ ǳǘƛƭƛǘȅ άƳaintains 
financial reserves that can be used during times of reduced water sales and if necessary, 
ǘƘŜ ǳǘƛƭƛǘȅ άŎŀƴ ǊŜŘǳŎŜ ƻǾŜǊƘŜŀŘ ŀƴŘ ǇƻǎǘǇƻƴŜ ŎŀǇƛǘŀƭ ŜȄǇŜƴŘƛǘǳǊŜǎΦέ36  
 
Supply Reliability Planning 
As required ōȅ /ŀƭƛŦƻǊƴƛŀΩǎ ¦Ǌōŀƴ ²ŀǘŜǊ aŀƴŀƎŜƳŜƴǘ tƭŀƴ !ct, Irvine Ranch has conducted 
an analysis of supply reliability in average water years, a single dry year scenario, and a 
ƳǳƭǘƛǇƭŜ ŘǊȅ ȅŜŀǊ ǎŎŜƴŀǊƛƻΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ŀƴŀƭȅǎƛǎ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ LǊǾƛƴŜΩǎ нлмл ¦Ǌōŀƴ 
Water Management Plan and summarized in Table III-7 below.  
 
 

Table III-7 
Irvine Ranch Supply Reliability Assessment37 

 Single Dry 
Year 

Multiple Dry 
Year 1 

Multiple Dry 
Year 2 

Multiple 
Dry Year 3 

Multiple 
Dry Year 4 

Total Supplies (af) 148,751 148,751 148,751 148,751 148,751 

Percent of 
Average/Normal Year 

98% 98% 98% 98% 98% 

 
 
Due to improvements in supply sources and diversification since the 1987-92 drought 
(when Irvine Ranch called for a 30% water use reduction), Irvine Ranch can now withstand 
a multiple dry year scenario without the need for substantial water use reductions. Water 
shortages would now occur from unprecedented drought events, or catastrophic failures of 
critical facilities. An imported water shortage from Metropolitan Water District of Southern 
California represents one of the main causes of a supply shortage for Irvine Ranch.  
However, even if Metropolitan were in a Stage 10 drought, with a 50% reduction in supply, 
Irvine Ranch would only be in a Level 2 shortage with voluntary restrictions. 
 
As noted in the drought history summary, Irvine Ranch did not declare a shortage in the 
recent California drought. But many customers perceived drought and adopted measures 
to curtail water use.  
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Monte Vista Water District Background and Overview  
 
The Monte Vista Water District (for simplicity, referred to as Monte Vista in this report) 
was formed in 1927. It is located in the Chino Basin area of the upper Santa Ana River 
Watershed, which is part of the Los Angeles basin area.  aƻƴǘŜ ±ƛǎǘŀΩǎ service area is 30 
square miles, but the retail service area of interest to this project is about 9.6 square miles. 
The retail service area includes the City of Montclair (at 1,066 feet elevation), portions of 
the City of Chino, and unincorporated areas of San Bernardino County.  
 
In 2011, the retail service area population was estimated to be 52,821. aƻƴǘŜ ±ƛǎǘŀΩǎ нлмл 
Urban Water Management Plan notes, άThe District's retail service area is primarily 
ǊŜǎƛŘŜƴǘƛŀƭ ŀƴŘ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ƭŀƴŘ ƛǎ ŀƭǊŜŀŘȅ ōǳƛƭǘ ƻǳǘΦέ 38 Lǘ ŦǳǊǘƘŜǊ ƴƻǘŜǎΣ ά¢he high cost 
of land in Los Angeles area increased the attraction of the Chino Basin and other suburban 
ŀǊŜŀǎ ǿƘŜǊŜ ƭŀƴŘ ǿŀǎ ǎǘƛƭƭ ǇƭŜƴǘƛŦǳƭ ŘǳǊƛƴƎ ǘƘŜ άǳǊōŀƴ ǎǇǊŀǿƭέ ŜǊŀΦ ²ƛǘƘ ǘƘŜ ǊŜŎŜƴǘ 
economic downturn, there are differing opinions on how rapidly the area will grow in 
popǳƭŀǘƛƻƴ ŘǳǊƛƴƎ ǘƘŜ ŎƻƳƛƴƎ ŘŜŎŀŘŜǎΦέ39  Monte Vista ŜȄǇŜŎǘǎ ǘƘŜ άƭŀǊƎŜǎǘ ŘŜƳƻƎǊŀǇƘƛŎ 
shift in the foreseeable future for the District service area will be an expected increase in 
multi-family housing units in proportion to single-ŦŀƳƛƭȅ ƘƻǳǎƛƴƎ ǳƴƛǘǎΦέ40  
 
The Monte Vista Water District is governed by a publicly elected 5-member board.  
 
The number of accounts for each customer class in 2011 is noted in Table III-8 below.  
 

Table III-8 

 
 
A detailed Water Use Profile with a population history for Monte Vista is included in 
Appendix A. 
 
Climate Pattern 
Monte Vista experiences a Mediterranean climate typical of much of southern California. 
Average annual rainfall is 16 inches, with wide periodic variations. There is little or no 
summer rainfall, with precipitation occurring in the winter months. While part of the Los 

Customer Class

Number of 

Accounts in 2010 % of Total

Single-family residential 9,667 81.2%

Multi-family residential 632 5.3%

Commercial 969 8.1%

Industrial 15 0.1%

Landscape 280 2.4%

Agriculture 13 0.1%

Other (Fire, etc) 335 2.8%

Total 11,911 100.0%

Monte Vista Number of Retail Potable Water Accounts
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Angeles area basin, Monte Vista is further removed from the moderating influences of the 
coastal marine air layer compared to nearby Irvine. Average high temperatures range from 
67 degrees F in January to 94 degrees F in July and August. Average weather can be 
interjected by periods of extremely hot weather, winter storms, and San Ana winds (a hot, 
dry easterly wind that increases fire risk).   
 
Figures III-9 through III-12 below, provide the annual rainfall history, annual California 
statewide runoff conditions, and the average monthly rainfall and average monthly 
temperatures for Monte Vista from 1970 through 2011.41. 
 

Figure III-9 

 
 
  

Figure III-1242 
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                                Figure III-10                                                              Figure III-11 

      
 
* The closest station available with suitable data for Monte Vista is located in Pomona, a city close to Monte 
±ƛǎǘŀΩǎ ǎŜǊǾƛŎŜ ŀǊŜŀΦ  However, many years of annual rainfall were missing. For annual rainfall, we used the 
Downtown Los Angeles-USC weather station, a station with a very long and reliable weather record. 

 
Water Sources 
Monte Vista Water District is dependent on four sources of water supply: 43 

Ė Groundwater produced from the Chino Groundwater Basin, a large adjudicated 
basin managed by the Chino Basin Watermaster 
 

Ė Imported State Water Project surface water received from the Metropolitan Water 
District of Southern California through the Inland Empire Utilities Agency 
 

Ė Entitlement water deliveries from San Antonio Water Company (no relation to the 
San Antonio case study in this project) produced from local adjudicated 
groundwater basins and surface water from the San Antonio Creek Watershed 
 

Ė Recycled water from Inland Empire Utilities Agency  
 
Local groundwater accounts for about 75% of annual use, and imported water about 
25%.44 As with Irvine, water imported from the State Water Project is from Northern 
California and through the Metropolitan Water District, but excludes Colorado River water. 
The Northern California water is a distant supply source that may have different annual 
weather patterns compared to Monte VistaΩǎ ǎŜǊǾƛŎŜ ŀǊŜŀΣ ǿƘƛŎƘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǿƘŜƴ 
considering the impact of droughts. Figure III-12 above provides an indication of the 
California State Water Project annual runoff conditions.  
 
Water Conservation Program 
aƻƴǘŜ ±ƛǎǘŀΩǎ ŜŀǊƭƛŜǎǘ ǿŀǘŜǊ ŎƻƴǎŜǊǾŀǘƛƻƴ ŜŦŦƻǊǘǎ ŘŀǘŜ ǘƻ ǘƘŜ мфтлǎΣ ǿƛǘƘ ŀ ǇǳōƭƛŎ 
information focus. In 1996, Monte Vista began distributing free water-efficient toilets and 
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offering water conservation site surveys. Monte Vista has participated in rebate programs 
provided through the Metropolitan Water District of Southern California for toilets, clothes 
washers, water brooms, and other landscape consŜǊǾŀǘƛƻƴ ƳŜŀǎǳǊŜǎ ƛƴ aƻƴǘŜ ±ƛǎǘŀΩǎ 
service area. Monte Vista also has developed water awareness and educational programs. 
Saturation estimates of key conservation parameters are included in Section IX of this 
report.  
 
Rate Structure 
Until recently, Monte Vista used a uniform volumetric rate and fixed charge based on 
meter size for all customers. In 2010, Monte Vista adopted a four-tier individualized 
inclining block rate structure based on water budgets for residential customers. Each 
customer is allocated a specific amount of Tier 1 and Tier 2 water each billing period based 
on indoor and outdoor needs. Usage above the water budget is charged at higher tiered 
rates. 
 
Drought History 
California experienced drought periods in 1976-77, 1987-1992, and 2007-2010. These 
affected Monte Vista to varying degrees.  
 
²Ŝ ǿŜǊŜ ǳƴŀōƭŜ ǘƻ ŦƛƴŘ ǊŜŎƻǊŘǎ ŘŜǎŎǊƛōƛƴƎ aƻƴǘŜ ±ƛǎǘŀΩǎ ŘǊƻǳƎƘǘ ŜȄǇŜǊƛŜƴŎŜ ƛƴ мфтс-77. 
However, according available water production and population records, per-capita water 
use for Monte Vista declined from near 200 gpcd in the early 1970s, to a low of 126 gpcd in 
1978, before rebounding to well over 200 gpcd in the 1980s.   
 
5ǳǊƛƴƎ /ŀƭƛŦƻǊƴƛŀΩǎ мфут-92 drought, Monte Vista had its surface water deliveries reduced 
to мл ǇŜǊŎŜƴǘ ƻŦ ǇǊŜǾƛƻǳǎ ȅŜŀǊΩǎ ŘŜƭƛǾŜǊƛes.  However, local groundwater supplies were 
adequate to meet demand.45 5ǳǊƛƴƎ ǘƘƛǎ ǇŜǊƛƻŘΣ aƻƴǘŜ ±ƛǎǘŀΩǎ ǇŜǊ ŎŀǇƛǘŀ ǿŀǘŜǊ ǳǎŜ 
declined from a high of 250 gpcd in 1984, to 220 gpcd in 1992. 46   
 
In 2009, as a result of drought and a significant reduction in imported water deliveries, 
Monte Vista declared a water supply shortage and mandated conservation measures with 
a goal of achieving a 10-15% reduction in use.47  Overall, compared to 2008, water use 
declined about 8% in 2009, and about 19% in 2010.48 
 
Drought Stages 
Monte Vista expects to be able to achieve up to a 10% reduction from a heightened public 
awareness program with the need for declaring a shortage based on past drought 
experiences. Higher levels of shortage are show in Table III-9 below.49  
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Table III-9 
Monte Vista Drought Stage Triggers 

Drought Stage % Shortage 

Significant 10-25% 

Critical 25-40% 

Emergency 40% or more 

 
 
Prohibitions for Significant Drought: 
Ė Outdoor irrigation except on Tuesday, Thursday and Saturday (exemptions for 

water-dependent industries, efficient irrigation practices)  
Ė Dedicated irrigation use above 75% prior non-shortage year's use  
Ė Potable water used for construction, dust control without plan authorization 
Ė Fire hydrant use other than approved uses (fire prevention, public welfare) 

 
Prohibitions for Critical Drought: 
Ė Outdoor irrigation except on Tuesday and Saturday 
Ė Dedicated irrigation use above 50% prior non-shortage year's use 
Ė Implementation of local landscape requirements resulting in increased water use 
Ė Vehicle washing except at commercial car wash 
Ė Refilling swimming pools, spas or ponds for cleaning purposes 

 
Prohibitions for Emergency Drought: 
Ė Outdoor irrigation except on Saturday 
Ė Dedicated irrigation use above 33% prior non-shortage year's use  
Ė Installation of new landscaping  
Ė Use of potable water for construction and dust control 
Ė Filling swimming pools, spas or ponds 

 
Revenue Strategy during Drought 
Monte Vista expects revenues would be substantially impacted during severe and 
emergency drought conditions, with the loss of revenue partially mitigated by a reduction 
in costs.50  For short-term droughts with water use reductions of 30% or more, Monte Vista 
plans to utilize reserve funds. If the drought persisted for an extended period, Monte Vista 
would evaluate revisions to its rate structure. 51 
 
Supply Reliability Planning 
Monte Vista includes a supply reliability analysis in its 2010 Urban Water Management 
Plan. The analysis uses 2004 as a normal year, 1977 as a single driest year, and 1990 
through 1992 as a multi-dry-year sequence to assess supply reliability.  The analysis is 
summarized in Table III-10 below. 
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Table III-10 
Monte Vista Supply Reliability Analysis52 

Supply Source Normal 
Single Dry 
Year 

Multiple 
 Dry Year 
1 

Multiple 
 Dry Year 
2 

Multiple 
 Dry Year 
3 

Chino Groundwater 
Basin 

100% 100% 100% 100% 100% 

Imported Water 100% 62% 60% 61% 62% 

San Antonio Water 
Company 

100% 66% 75% 92% 89% 

Recycled Water 100% 100% 100% 100% 100% 
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City of Petaluma Background and Overview  
 
The City of Petaluma was founded in 1858, and is situated in Sonoma County, Northern 
California, approximately 30 miles north of the Golden Gate Bridge, and approximately 20 
miles inland of the Point Reyes/Tamales Bay region of the Pacific Coast and Ocean. 
tŜǘŀƭǳƳŀΩǎ ŜƭŜǾŀǘƛƻƴ ƛǎ ол ŦŜŜt above sea level. The City is surrounded by much open space 
and agricultural land.  
 
The water utility service area consists primarily of the area within the city boundaries, 
approximately 14 square miles. The water department also provides potable and recycled 
water service to a relatively small number of customers outside of the city boundaries, the 
largest consisting of a Coast Guard Training Station that has a population of about 1,350. 
 
Petaluma estimated its 2011 water service area population as 60,154. 
 
The Water Resources and Conservation and Department are part of the City of Petaluma 
and are governed by a six member City Council and a Mayor.  
 
Petaluma tracks water use in the customer classes shown in Table III-11 below. 
 

Table III-11 

 
 
A detailed Water Use Profile with a population history for Petaluma is included in Appendix 
A. 
 
Climate Pattern 
tŜǘŀƭǳƳŀΩǎ ŎƭƛƳŀǘŜ ƛǎ ŀ ŘǊȅΣ aŜŘƛǘŜǊǊŀƴŜŀƴ ǎǳƳƳŜǊΣ ǿƛǘƘ ƳƛƭŘΣ ǿŜǘ ǿƛƴǘŜǊǎΦ  5ǳŜ ǘƻ ƛǘǎ 
proximity to the Pacific Ocean, Petaluma experiences marine air layer conditions which 
cool summer temperatures and can moderate winter temperatures. The summertime 
temperature averages 60 degrees F. The wintertime temperature averages 45 degrees F.  
Annual rainfall averages 25 inches. Typically, 98% of precipitation occurs in the winter 
months, most of it usually occurs during three or four major winter storm events.53 
 

Customer Class

Number of 

Accounts in 2010 % of Total

Single-family residential 17,069 88.5%

Multi-family residential 678 3.5%

Commercial 1,079 5.6%

Industrial 22 0.1%

Landscape 443 2.3%

Other 5 0.0%

Total 19,296 100.0%

Petaluma Number of Accounts
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Figures III-12 through III-14 below, provide the annual rainfall history, the average monthly 
rainfall and average monthly temperatures for Petaluma.54 
    

                                                                    Figure III-12 

 
 

Figure III-13                                                           Figure III-14 

    
 
 
Water Sources 
!ōƻǳǘ фр҈ ƻŦ tŜǘŀƭǳƳŀΩǎ ǿŀǘŜǊ ǎǳǇǇƭȅ ƛǎ ǇǳǊŎƘŀǎŜŘ ŦǊƻƳ ǘƘŜ {ƻƴoma County Water 
Agency, which is supplied from the Russian River System. The Russian River originates in 
central Mendocino County. Three major reservoir projects provide water supply for the 
Russian River watershed: Lake Pillsbury on the Eel River, Lake Mendocino on the East Fork 
of the Russian River and Lake Sonoma on Dry Creek. Most of the streamflow in the Russian 
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